tion induces increased aspartate transcarbamylase (ATCase) activity during the period of magnified nucleic acid biosynthesis. Increased activity can be prevented by addition of pyrimidines to the culture medium. ATCase in HeLa cells is regulated by feedback inhibition, and purified enzyme can be inhibited in vitro by cytidine triphosphate (CTP). The enzyme from infected cells has a pH optimum, maximal velocity, and Km for aspartate distinctly different from ATCase from control cells. However, heating of ATCase from uninfected cells converts the enzyme so that its characteristics are identical with enzyme from infected cells. Conversely, addition of CTP to ATCase from infected cells changes the characteristics of the enzyme so that they are the same as those of enzyme from uninfected cells. The evidence presented suggests that increased nucleic acid biosynthesis in infected cells initiates a release from feedback inhibition and increases ATCase activity by reducing the concentration of pyrimidines and purines in the acid-soluble pool.
Aspartate transcarbamylase (ATCase) activity increases approximately 10 hr after infection and reaches maximal activity 18 hr after type 5 adenovirus infection of HeLa cells (Consigli and Ginsberg, 1964) . The increased ATCase activity is detectable at approximately the time that biosynthesis of virus-precursor deoxyribonucleic acid (DNA) commences Dixon, 1959, 1961; Flanagan and Ginsberg, 1962) , and is dependent upon DNA and protein synthesis (Consigli and Ginsberg, 1964) . A comparison of the characteristics of ATCase from uninfected and infected HeLa cells indicated that enzyme from infected cells had an altered pH optimum, in-1 Pennsylvania Plan Scholar.
creased maximal velocity, and increased Km value for aspartate.
Bacteria control biosynthesis of pyrimidines, purines, and other metabolites for the physiological needs of the cell by means of efficient mechanisms of feedback and enzyme repression (Gots, 1950 (Gots, , 1957 Love and Gots, 1955; Umbarger, 1956; Pardee, 1956a, b, 1957; Magasanik, 1957; Gorini and Maas, 1957; Gots and Gollub, 1959; Gerhart and Pardee, 1962) . Similar controls have been demonstrated in several mammalian organs (Sartorelli and Le Page, 1958; Wylngaarden, Silberman, and Sadler, 1958; Wyngaarden aild Ashton, 1959; McFall and Magasanik, 1960; Le Page and Jones, 1961; Henderson, 1962; Schimke. 1962; Bresnick, 1962) , and it was predicted that ATCase activity in HeLa cells was regulated by similar mechanisms. It was the objective of the study reported in this communication to investigate the control of ATCase in HeLa cells and the effect of adenovirus infection on the control mechanisms. The data to be reported indicate that ATCase in HeLa cells is under feedback control, that type 5 adenovirus infection by inducing increased biosynthesis of nucleic acid removes the feedback inhibition, and that ATCase relieved of inhibition has characteristics different from enzyme from uninfected cells.
MATERIALS AND METHODS
The methods employed for tissue culture, propagation of virus, virus infectivity titrations, preparation of ATCase, and assay of enzyme were identical with those described in the accompanying paper (Consigli and Ginsberg, 1964 washed Norit A (40 mg/,umole of base) overnight with shaking. Elution was performed by use of dilute ethanolic ammonia (40% ethanol, 1 % concentrated NH3, 59% water). The charcoal was eluted four times, and the combined eluates were taken to dryness; the residue was hydrolyzed with concentrated (88%) formic acid in a sealed thick-walled tube at 172 C for 45 min.
This hydrolysate was taken to dryness, and redissolved in 0.2 ml of 1 N HCl. The hydrolysate (0.1 ml) was spotted on Whatman N 1 paper, and the bases were separated by two-dimensional paper chromatography. (Consigli and Ginsberg, 1964) , and the effect of end products as inhibitors was determined in vitro. The results of a representative experiment ( (Table 2 ) and, conversely, enzyme from uninfected cells could be activated a similar degree by heat (Table 3) .
Effect of heat on characteristics of A TCase from uninfected and type 5 adenovirus-infected HeLa cells. ATCase from infected cells was reported to have a pH optimum and kinetics significantly different from enzyme extracted from uninfected HeLa cells (Consigli and Ginsberg, 1964) . The finding that the activity of ATCase from uninfected cells could be increased by heat suggested that this treatment might alter the pH optimum and the kinetics of this enzyme so that it would be similar to ATCase from virus-infected cells. The postulate that enzyme from the infected cells had a free inhibitor-reactive site would predict that heating of this enzyme would not alter its properties. Enzyme activity from uninfected and type 5 adenovirus-infected cells was assayed after heating for 3 min at 60 C or after CTP treatment, and the following properties were determined: pH optimum, Km, and maximal velocity.
Optimal pH. The results of enzyme assays determined at pH 6.0 to 9.0 are summarized in Fig. 1 . The marked differences between the unheated enzymes from uninfected and infected cells are clear. The change effected by heating ATCase from uninfected cells is striking: the pH optimum was shifted from pH 7.5 to 8.5. Enzyme from infected cells had a pH optimum of 8.5, which was unaltered by heat; the smal plateau at pH 7.0 to 7.5 did disappear, suggesting that the preparation from infected cells contained some enzyme in the inhibited state similar to that in control cells.
Enzyme kinetics. ATCase from uninfected and adenovirus-infected cells was partially purified by chromatography on diethylaminoethyl (DEAE) cellulose, and the Km values for aspartic acid were determined by Lineweaver-Burke (1934) plots. The results of a representative experiment (Table 4) Ginsberg, 1962, J. Bacteriol. in press; Wilcox and Ginsberg, 1963) . Shortly after initiation of ribonucleic acid (RNA) synthesis and accompanying DNA production, an increased activity of ATCase was detected (Consigli and Ginsberg, 1964 inhibitor, CTP, is released from the feedback site on the enzyme molecule; that release of feedback inhibition results in increased enzyme activity, and that enzyme whose inhibitor site is unoccupied has characteristics identical to those described for ATCase in adenovirus-infected cells. Thus, enzyme from uninfected cells could be converted by heat (60 C for 3 min) to the reactivity of ATCase from infected cells. Conversely, enzyme from infected cells could be transformed by addition of CTP so that it assumed the properties of ATCase from uninfected cells. Indeed, preliminary experiments indicate that 24 hr after infection of HeLa cells with type 5 adenovirus, ATCase has the same Vmax and Km with aspartate as does enzyme from uninfected cells (unpublished data).
Accompanying increased nucleic acid synthesis, the concentration of pyrimidines and purines was decreased in the total acid-soluble pool. Pyrimidines showed the greatest depletion, about 35%, and it may be considered that the depletion of pyrimidines resulted in release of feedback inhibition. It may appear puzzling that a decrease in concentration of only 30 to 35 % should effect a marked release of feedback control; however, it should be considered that analyses were made of the total pyrimidine pool which was measured as bases. Thus, the cytidine pool was derived from the base, the ribo-and deoxyribosides, and the mono-, di-, and triphosphate nucleosides. The data obtained indicate that the phosphorylated derivatives served as inhibitors and that CTP was most effective. Bresnick (1962) Ennis and Lubin (1963) reported that ATCase is regulated by end-product repression in sarcoma 180 cells propagated in vitro. Experiments carried out during the course of the present investigation demonstrated that thymidine or cytidine inhibited the increase in ATCase when added to infected cultures up to 8 to 10 hr after infection. Thereafter, the pyrimidine nucleoside had a decreasing inhibitory effect (unpublished data). The results could be interpreted to indicate a repression of enzyme biosynthesis by thymidine or cytidine during early stages of the multiplication cycle. In the face of clear-cut evidence for feedback inhibition and without direct evidence for synthesis of new enzyme protein, the conclusion that ATCase is regulated by end-product repression as well as feedback inhibition seems hazardous.
It is striking that the control mechanism for ATCase in HeLa cells appears similar to, if not identical with, ATCase from E. coli (Gerhart and Pardee, 1962) Ginsberg, 1964) . In contrast, ATCase from E. coli has complex kinetics which are different from the kinetics of enzyme which was heated or chemically treated (Gerhart and Pardee, 1962) . The regulation of enzyme activity during virus multiplication responds to demands for increased nucleic acid biosynthesis and is controlled by mechanisms which are effective during physiological demands in bacterial and probably mammalian cells.
